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For each actuator, measure time of 
flight from emission to reception of 
acoustic signal between current 
actuator and all sensors 
202 



Estimate the time of flight between 
computing nodes by clustering the 
sensor and actuator attached to each 
node such that the physical location of 
the sensor and actuator 
is considered identical 
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Using the measured times of flight 
between nodes solve a set of linear 
equations to produce the time of flight 
between each node, the emission 
delay time for each acoustic signal, 
and the capture delay time for each 
acoustic signal 
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Complete the matrix of node distances 
by using trilateration between known 
nodes to determine missing time of 
flight information, if needed. 
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Calculate estimated physical position 
of each node with multidimensional 
(MDS) scaling using estimated 
measured time of flight between nodes 
and added incomplete node location 
information from trilateration as input. 
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Calculate time of flight version non-linear 

least squares position and reliability 
information for each sensor and actuator 

using measured time of flight 
information, MDS node position results 
and emission and capture delay time for 
each acoustic signal as input. 
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Calculate time difference of flight version 
non-linear least squares position and 
reliability information for each sensor 
and actuator using measured time of 
flight information, MDS node position 
results, and capture delay time for each 
acoustic signal as input. 
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Calculate final actuator and sensor 
position information for each node 
using the position and reliability 
information from non-linear least 
squares results of both time of flight 
and time difference of flight versions. 
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